Example Cost Functions — SELECT

algorithm condition # blocks read
SL—linear equality, key b/2 R ©n average
search (brute  equality, not key b
force) range for range
. searches, assume
— equality, key log, b roughly half the
— Dinary i file records (and
equality, not key  log, b + [ s/bfr I (
search qualtly y log; b +[s/bfr] thus half the blocks
range log, b + b/2 <—— if the file is ordered
. : on the field involved
SH — hash file equal!ty, key lor2 i) > @G,
SP —primary  equality, key x+1 will satisfy the
index range X + b/2 condition — can be
. very inaccurate in
cIuSs?er_ing equality X+ [s/bfr] specific cases,
but reasonably
B + -
index range Kok correct on
ss— equality, key x+1 average
. (can use better
sepondary equality, notkey x+s CERiTER [ FalavEnR:
index range X + by/2 + 112 . DB stats are
available)
Number of blocks in result: s/bfr —_—
X = # levels in index, s = selection cardinality (# matches) 82

Evaluating Query Cost

What information do we need for evaluating cost functions?
number of records (r), number of blocks (b)

blocking factor (bfr)
can be calculated directly or estimated from b, r
bfr,s can be calculated explicitly if column sizes are known, or
estimated as [ 1/(bg/rs+bs/rs) | = [ bfrebfrs/(bfre+bfrs) |

physical file organization, available indexes, number of
levels (x) of multilevel indexes, number of first-level index
blocks (b,)

number of distinct values (d)

attribute selectivity (sl), selection cardinality (s) for each
attribute

can be computed from d and r (requires assumption of uniform
distribution or knowledge of distribution if non-key)

Example Cost Functions —JOIN (R™_, .. S)
name implementation # blocks read
read in n-2 blocks of R at a time
JNL — read all blocks of S for each n-2
nested-loop blocks of R, one at a time by + |-bR/(n-2)-| bs
join use one block of memory for
assembling result
secondary index:
b + R (Xg+S5)
JSL — e clustering index:
; | read in a block of R, find a b + [R| (xa+[ su/bfr
.S'Fg'e loop matches of S using the index R, ! l_( 2 |- 2 S])
join primary index:
be + |R| (Xg+1)
hash key: by + |R|
sort files external sorting:
JSM —sort- (p|ocks read and written) 2b + 2B 10g,mngr-1.0m (0/n) = 2b log, b
merge join
merge bg + bs

Number of blocks in result: (js |R| |S]| / bfrks )

xs = # levels in index on field B, js = join selectivity, n = # memory blocks to use s

Obtaining the Necessary Information

=1

DBMS stores this information.

frequently-changed values may not be kept completely
up-to-date
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DB Stats Cost of an Execution Plan — Plan 1

# distinct i T P.Prumbzer P.0oum, ELname, E.Address E.Bdate
table column values (d) low value high value - : . '
Plocation 200 1 200
PROJECT Pnumber 2000 1 2000 O D.Mar_ssn=E.Ssn
Dnum 50 1 50 ‘ INL
Dnumber 50 1 50
DEPARTMENT X
Mgr_ssn 50 1 50 /
Ssn 10000 1 10000 O P.Onum=0.0numnber
Dno 50 1 50 JNL
EMPLOYEE EMPLOYEE
Salary 500 1 500
Bdate 1945-01-01 1989-12-31 / \
# records # blocks . # levels # level 1
table (r) (b) s (x) blocks (b,) G Plocation='Stafforol  DEPARTMENT
PROJECT 2000 100  PROJ_PLOC 2 4 |st
DEPARTMENT 50 5 EMP SSN 2 50 PROJECT EMPLOYEE (Fname,Minit,Lname,Ssn,Bdate,Address,
= Sex,Salary,Super_ssn,Dno)
EMPLOYEE 10000 2000 = EMP_SAL 2 50 ' PROJECT (Pname, Pnumber, Plocation,Dnum)
CPSC 343: Database Theory and Practice « Fall 2024 86 CPSC 343: Database Theory and Practice « Fall 2024 WORKS_ON(Essn, Pno,Hours)
Cost of Plan 1 [4blocksread Cost of Plan 1 [ pipelined - nothina read
)‘ < 4 blocks written (depends on "\ ) < 4 blocks written (depends on ™\
. . L. —_~ blocking factor of result) | R . .. . . —~ blocking factor of result) |
assuming no plpellnlng ( / with pipelining - differences in bold [z |
S ] ,7'1 nurkel B D Ename EAadiessE. Bdme{ o\ BbeumbettBumbinametiadies Blaigs,
10/bfr, . = 10/(bfr, bfr /( bfr +bfr —‘ ( : pipelined — nothing written —‘
= 10/3 =4 blocks wrltten - \ - -
~ To/bfr,_ = 10/(bfr br_/(bfr.+bfr ) ) | PMarsnzisn | T i
— 10/7 = 2 blocks written ‘ JNL b, +[b,/(n-2)] b, | pipelined - nothing written ‘ JNL b, +[b,/(n-2)] b

)( =b_+b_because b < n-2 | ( \

R0 R | | X
(assuming n = 4) J/ / A
= 2+2000 - — \1

= b, +b_because b, <n-2
(assuming n = 4) /

= 042000 blocks read _—

G P.DnuUmM=D.0numbet . 2002 blocksread G PODnum=D.Dnumber (pipelined) P
—__ INLb_+1b_/(n-2)1 b, \ | rd ?”’:, : ‘JNLb +Ib/(n-2)1 b, \ | rd
lO/bfr - ‘ b[+k<( b N b, ;2\EMPLOYEE - i b[+t<( b n b, 2\EMPLO\’EE -
=10/( 000/100 AKX ecause b, <n- — ) pipelined - nothmg \X ecause b, < n- D
= 1 block writte (Ris D”'y 1 block) % written \ (pip elmed y,
=145 \_\_ ™z 0+5 blocks read
\ \ blocks read _ green = choice of algorithm \ _ green = choice of algorithm
G Plocation='staftoral| |\ DEPARTMENT blue = blocks read G Plocation='stattoral| | DEPARTMENT blue = blocks read
\ st = —~__ purple = blocks written \ sL = — purple = blocks written
N\ | b = 100 blocks read ) N\ | b = 100 blocks read )
LP"‘?O"ECT " [final answer: \ PROJECT " |final answer:
S el 2112 blocks read + < 11 blocks written el 2105 blocks read + = 4 blocks written
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Cost of an Execution Plan — Plan 2

T P.Prumber, P.0num, E.Lname, E.Address E.Boate

O D.Mar_ssn=E.5sn

JSL— an index exists; assumed to be
primary because Ssn is the key

x

o

G P.Dnum=D.0nurnber
JSL—* assume a primary index
on Dnumber exists
because it is the key

LS

¢ Plocation='§tafford’ DEFARTMENT
GS —— an index exists; assumed to be
secondary because Pnumber is the key
EMPLOYEE (Fname,Minit,Lname,Ssn,Bdate,Address,
Sex,Salary,Super_ssn,Dno)
s PROJECT (Pname, Pnumber, Plocation,Dnum)
WORKS_ON(Essn,Pno,Hours)

EMPLCYEE

PRCMECT
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( mpelmed no blocks Tead_
% < 4 blocks written (depends on \\
blocking factor of result) |

Cost of Plan 2

with pipelining - differences in bold ,’E”*
— OO R Pnumber P.Dnurn, ELnarne, B Address,E. Bdme,/’
Ve — — —

( 10 records each row of R matches at |
\ pipelined - nothing written W most one row of S because \

( primary because Ssn is the key (

- - e —— ”"'\ result Ssn is key of EMPLOYEE
L ™~ . O D.Magr_ssn=E8sn
) \ |
pipelined - nothing written / ‘ ‘ JSL — an index exists; assumed to be |
/
[ X

each row of R
matches at most one
row of S because

—— 10 records
result

b, +IRI(x,+1) = 0+(10)(2+1)

)

s o . = 30 blocks read //
number is key o & _—
DEPARTMENT G P.Onum D.Dnurnbler . e
—_ - JSL— assume a primary index -
on Dnumber exists \ _EMPLOYEE -
) ) because it is the key —_—
pipelined -
nothing written_— | b +|R[(x_ +1) 0+(10)(1+1)/
s =r/d \\ =20blocksread ) )
10 reforas selected o green = choice of algorithm

blue = blocks read

O Plocation='Stafforal ‘\DEPARTMENT _

| SS an index e><|sts assumed to be 77‘\"\‘ purple :,bLOCkS W(;Itten
secondary because Pnumber is the key | orange = recoras
| PROJECT  x+s = x+r/d = 2+2000/200 | final answer:
L - )
= 12 blocks read _

62 blocks read + = 4 blocks written
= 66 blocks
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Cost of Plan 2

" 1opfr, =

each row of R

m
ro
Dr

| DEPARTMENT
10/bfr

1

A

=r/d

‘\‘(4 blocks read 1”’7*’\\
% < 4 blocks written (depends on \

\

. L " blocking factor of result)
assuming no pipelining [q |
/ — A P Pnumber F. Drnum E Lnume E.Address E. Bdcn‘e)/\
10/bfr, . = 10/(bfr, bfr/(bfr, +bfr )) 10 records ~ each row of R matches at
\ — 10/3 - 4 blocks ertten result mos_t one row of S because
e — Ssn is key of EMPLOYEE

O\
10/(bfr bfr_/(bfr,+Dbf )) \
= 10/7 = 2 blocks written ‘ ‘

10 records

atches at most one result

w of S because

i mber is key of O P.Dnum=0.0number

on Dnumber exists
because it is the key

10/(2000/100)
1 block writte

¢ Plocation='5affora’ \DEPARTMENT ~

‘ S5 —— an index exists; assumed tobe ™
secondary because Pnumber is the key
PRCJECT

= = 12 blocks read ==
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‘ JSL— assume a primary index

X \?( b +[R[(x,+1) =
\\\— 21 blocks read
10 retords selected \ —~

™\

O D.Mar_ssn=E.5sn

‘ JSL—— an index exists; assumed to be
primary because Ssn is the key

b +IR[(x,+1) = 2+(10)(2+1)

/

N

o

1+(10)(1+1
(10)( )/

green = choice of algorithm

blue = blocks read

purple = blocks written

) orange = # records

-

= 32 blocks read > /

x+s = x+r/d = 2+2000/200 _ [final answer:

69 blocks read + = 11 blocks written

= 80 blocks




